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(54) Brush seal and brush seal device 

(57) One brush seal unit is piled on another one in 
such a manner that thin beams of the one brush seal 
unit overlap the slits of the another brush seal unit easily 
using their positioning sections in order to improve seal- 
ing ability. The pitches (P) at the positioning sections (4) 
of each brush seal unit (3) is determined so that the slits 
(9) and thin beams (8) of the neighboring and piled brush 
seal units (3) are overlapped each other by relatively dis- 
placing the neighbouring brush seal units (3). 
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Description 

[0001] The present invention relates to a strip-like 
brush seal having a plurality of thin plates that are proc- 
essed to have thin, cantilever beams at their one end 
and relates to a brush seal device, for sealing between 
a rotational shaft and a mating component movable rel- 
atively thereto, for example in an aircraft and a gas tur- 
bine. More particularly, the present invention relates to 
a technical field of a brush seal and a brush seal device 
capable of following the rotation or minute variation of 
one component with respect to other component to de- 
form during relative movement for effectively sealing be- 
tween both components. 

[0002] There exists, as shown in Fig. 12, a brush seal 
device 100 as one related art of the present invention. 
[0003] Fig. 12 is a sectional view of a brush seal de- 
vice 1 00 mounted between a rotational shaft 120 and a 
casing 1 1 0 through which the rotational shaft 1 20 pass- 
es. The casing 110 is a component of a steam turbine 
or gas turbine. The brush seal device 1 00 separates the 
casing 110 and the rotational shaft 120 so as to seal 
fluidly. 

[0004] In Fig. 1 2, the brush seal device 1 00 is formed 
in a ring shape and attached to a channel section 112 
of the casing 110. Main components of the brush seal 
device 100 are a brush seal 109, a back plate 102 and 
a retaining plate 103. In the brush seal 109, a number 
of bristles 1 01 in the form of a wall are arranged circum- 
ferentially, and one end of the bristles are coupled to- 
gether to form an attachment section 1 04. The free end 
face 105 as the other end of the brush seal 109 faces 
the rotational shaft 1 20. The diameter of each bristle 1 01 
used in general is 0.02 to 0.5 mm. However its sealing 
ability will be reduced because the brush seal device is 
formed of linear bristles 101 in the form of a wall that 
has been merely brought together. In order to overcome 
such a drawback the thickness of the wall formed with 
the bristles 101 must be increased and thus tens of thou- 
sands or hundreds of thousands of bristles 1 01 are nec- 
essarily used. 

[0005] An annular back plate 102 is located on one 
side face of the brush seal 109 with its side face 108 
contacting the one side face of the brush seal 109 and 
bears each of the bristles 101 against the action of the 
sealed fluid pressure. 

[0006] A retaining plate 1 03 formed as a ring plate is 
disposed integrally on the other side face of the brush 
seal 1 09 to sandwich, in cooperation with the back plate 
102, the brush seal 109 on its attachment section 104 
side. The retaining ring 103 has a small thickness in its 
radial direction so that the brush seal 1 09 is exposed to 
allow the brush seal 1 09 to deform corresponding to the 
contact of the rotational shaft 120 therewith. 
[0007] The back plate 102, the attachment section 
104 of the brush seal 109 and the retaining plate 103 
are welded at one end together to form into a connecting 
section 106. 
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[0008] In Fig. 12, the rotational shaft 120 shown by an 
actual line is in a state that the rotational shaft 120 is 
normally fitted without oscillation and every bristle 101 
extends straight and inclines in the rotating direction, 
5 relative to the radial direction of the rotational shaft 1 20. 
Accordingly, the free end face 1 05 will be precisely fin- 
ished after fabrication of the brush seal 1 09 so as to fit 
the rotational shaft 120 normally. It is however difficult 
to process the free end face 105 because tens or hun- 
w dreds of thousands of bristles 101 arrayed in the form 
of a wall in the free end face 1 05 are apt to deform. 
[0009] When the rotational shaft 120 then contacts 
the brush seal 109, the brush seal 109 is pressed 
against the rotational shaft 120 while its tilt angle is in- 
15 creased. At the same time there are created gaps be- 
tween neighboring bristles 101 due to their movement 
and/or deformation. 

[001 0] In this state, as shown in Fig. 1 2, if the pressure 
of the sealed fluid is a high pressure P1 , the differential 
pressure (P1-P2) between P1 and a low pressure P2 is 
increased, and then the gaps formed between neighbor- 
ing bristles 1 01 will be further enlarged, resulting in the 
sealing ability to be worsened. 
[0011] Figs. 13 and 14 are partial front views of the 
brush seal 109, seen radially from its inner side. 
[001 2] In Figs. 1 3 and 1 4, if the sealed fluid enters the 
gaps between straight bristles 101 , each bristle 101 ar- 
ranged as shown in Fig. 13, seen from their inner cir- 
cumferential side, is pushed aside such that each gap 
width between the bristles 1 01 is increased as shown in 
Fig. 1 4, and as a result the sealed fluid leaks from those 
gaps. 

[0013] If neighboring bristles 101 inclined are sepa- 
rated apart each other by the pressure described above, 
one of the bristles 1 01 separated apart tends to displace 
to reduce its tilt angle, and it is therefore deformed such 
that its length along the radial direction is long. Accord- 
ingly, the pressure applied to the rotational shaft 120 is 
increased to cause wear. 

[0014] This wearing action will be accelerated as the 
thickness of the bundle of the bristles 101 becomes 
large for improving the sealing ability. 
[0015] In this state, with the increase of the gap C 
formed between the free end face 1 05 of the bristles 1 01 
and the rotational shaft 120 (Refer to the rotational shaft 
shown by a phantom line in Fig. 1 2) on the diametrically 
opposite side, the sealed fluid leaks from the gap C. 
[0016] Further, there exists a seal device as another 
related art, as shown in Fig. 15. In the figure, thin plate 
like leaves are piled as a seal 209 along the circumfer- 
ential direction of the rotational shaft 120 to seal be- 
tween a high pressure side area P1 and a low pressure 
side area P2. 

[001 7] Outer circumferential portion of the seal 209 of 
plate like leaves is brazed to form an attachment section 
1 04. Then the seal 209 is attached to the channel sec- 
tion of the casing 110 through the brazed attachment 
section 104. 
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[0018] Also, a back plate 1 02 is disposed on the side 
face of the seal 209 at the low pressure side area P2, a 
retaining plate 103 is disposed on the side face at the 
high pressure side area P1 , and both the plates 1 02 and 
103 retain both sides of the seal 209, respectively. 
[001 9] However, when the rotational shaft 1 20 eccen- 
trically presses against the seal 209 formed in the above 
manner, the seal 209 having piled thin plate like leaves 
to form an annular body has no space for accommodat- 
ing own elastic deformation and thus the spring constant 
corresponding to the resilient deformation is increased. 
It is therefore difficult for the seal 209 to follow the ec- 
centric behavior of the rotational shaft 120. 
[0020] Further, in the seal 209 in which thin plate like 
leaves are piled in the direction of the action of the 
sealed fluid pressure, gaps are forced to create between 
two neighboring plates. This causes a problem relating 
to its sealing ability for fluid leakage. 
[0021] Moreover, the seal 209 forming an annular 
body includes hundreds of thousands of thin plate like 
leaves that are piled in the annular direction. Therefore, 
it is extremely difficult to fabricate the seal 209. Further, 
as the length along the outer circumference of the an- 
nular body of the seal 209 is longer than that along the 
inner circumference, spacers for compensating the dif- 
ference in length therebetween are necessarily dis- 
posed between thin plate like leaves at their outer cir- 
cumferential sides. However, gaps still remain between 
the surfaces of the piled plate like leaves. In this view- 
point, there also exists the problem of sealing ability. Al- 
so, in this constitution whose flexibility may be reduced, 
the free end face 105 of the seal 209 be worn quickly 
due to its worsened elastic response. 
[0022] In the brush seal device 1 00 constituted as de- 
scribed above, when the sealed fluid acts on the bristles 
101, gaps are created therebetween, as shown in Fig. 
14, because the bristles 101 are randomly gathered to- 
gether to form a bundle in the shape of a wall. 
[0023] Further, when the rotational shaft 1 20 contacts 
the brush seal 1 09 as a result of oscillation or vibration, 
the brush seal 1 09 is pressed against the rotational shaft 
120, and at the same time its tilt angle is increased, as 
shown in Fig. 12. If the number of the bristles 101 is 
increased in order to improve the sealing ability, the 
elastically responsive deformation of each bristle 101 
will be worsened during contacting the rotational shaft 
1 20, causing to promote the wear on the contacting sur- 
faces. The sealing ability will be further reduced. 
[0024] Also, in the seal 209 having thin plate like 
leaves piled to contact each other in the direction of the 
action of the sealed fluid, gaps are apt to be created 
between thin plate like leaves, causing leakage of the 
sealed fluid. Additionally, as the flexibility of the free end 
1 05 of the seal 209 is limited, it will be worn quickly. 
[0025] The present invention has been made in con- 
sideration of the problems as mentioned above, and an 
technical problem of the invention is to allow to easily 
pile brush seal units one by one to complete a brush 



seal so that the slits defining thin beams of a brush seal 
unit are blocked by the thin beams of a neighboring 
brush seal unit placed in position. 
[0026] Another technical problem is to provide easy 
5 designing, processing and fabrication. Still another 
technical problem is to reduce the manufacturing and 
assembly costs of the brush seal. 
[0027] Further it is still another technical problem to 
improve the sealing ability even if the piling thickness of 
10 the brush seal is thin, and to improve elastic deformation 
of the brush seal with respect to the depression force 
applied by the rotational shaft and to reduce wear on the 
brush seal by the rotational shaft. 
[0028] In addition, it is yet another technical problem 
15 to provide the brush seal with good ability of the brush 
seal to follow in response to the relative displacement 
between the brush seal and the outer circumference of 
the rotational shaft for improving the sealing ability. 
[0029] According to the present invention there is pro- 
20 vided a brush seal having piled brush seal units and 
mounted on one of two components that are relatively 
rotated, for sealing the clearance given between the two 
components, characterized by comprising: a plurality of 
the brush seal units, each having a strip-like brush sec- 
25 tion on the side facing the other component and having 
a base plate section on the side opposing the brush sec- 
tion side, the brush section being formed with thin 
beams each of which is between two slits, and the base 
plate section being fixed to the one component; and a 
30 plurality of positioning sections located in the base plate 
section of each brush seal unit; wherein each pitch di- 
mension of each positioning section is determined so 
that the positioning sections, the slits and the thin beams 
are formed in such a physical relationship that, when the 
35 brush seal units are piled, strip-like slits and thin beams 
overlap each other by relatively displacing by one pitch 
the neighboring brush seal units. 
[0030] Neighbouring brush seal units are piled such 
that their positioning sections are relatively displaced by 
40 one pitch. Therefore, the slits of one brush seal unit 
overlap the thin beams of the neighbouring brush seal 
unit, while the beams of the one brush seal unit overlap 
the slits of the neighboring one, thereby to seal the slits. 
[0031] Then another brush seal unit is piled with one 
45 pitch displacement in the positioning sections relative to 
one of the two brush seal units that have been already 
piled. The slits and thin beams of those brush seal units 
overlap in the same manner as described. 
[0032] It is extremely difficult for an assembly ma- 
50 chine to pile the brush seal units with the thin beams 
and slits overlapping precisely each other. However, a 
piling condition effective to sealing ability is easily 
achieved with such positioning sections. 
[0033] Accordingly, it becomes possible to improve 
55 the sealing ability of the brush seal even if the number 
of the brush seal units to be piled is less. Additionally, it 
is expected that frictional wearing is effectively prohib- 
ited as the brush seal has flexibility due to less number 
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of the piled brush seal units and can deform elastically 
corresponding to the contact of the rotational shaft. Fur- 
ther, it is easy to assemble the brush seal units and also 
considerably improve the accuracy in the assembly. 
[0034] The brush seal unit may have a plurality of di- 
vided modular plates, such that the modular plate has 
a connecting recess at its one end and a connecting pro- 
jection at its other end, and the connecting recess and 
the connecting projection of the modular plate are cou- 
pled each other. 

[0035] It is possible to fabricate modular plates from 
one thin plate with improvement in the yield of material. 
The modular plates obtained are coupled each other, 
using each connecting recess and projection, to form a 
brush seal unit. By piling to assemble using the position- 
ing sections it is allowed to make easily the brush seal 
having an accurate shape and good sealing ability. 
[0036] The positioning sections may be constituted as 
holes. In the brush seal, it is possible to process easily 
and precisely with micro-fabrication such as etching 
process or machining process because the positioning 
sections are formed as a plurality of positioning holes. 
Accordingly, it is expected to improve the positioning ac- 
curacy and sealing ability. 

[0037] The positioning sections of the brush seal unit 
and the positioning sections of the brush seal unit facing 
the former brush seal unit may be formed into recesses 
and projections that are capable of fitting to engage 
each other when they are aligned in position. 
[0038] When one brush seal unit having positioning 
sections formed into projections and the other neighbor- 
ing brush seal unit having positioning sections formed 
into recesses are aligned each other at their positioning 
sections to pile, both positioning sections engage each 
other and at the same time the slits and the thin beams 
facing thereto are overlapped each other. Accordingly, 
there exists no gaps formed by the slits in the direction 
of the sealed fluid action, thereby to seal the sealed fluid 
effectively. 

[0039] A brush seal device may be mounted on one 
of two components that are relatively rotated, for sealing 
the clearance given between the two components, char- 
acterized by comprising: a brush seal having piled brush 
seal units, each having a strip-like brush section on the 
side facing the other component and having a base plate 
section on the side opposing the brush section side, the 
brush section being formed with thin beams each of 
which is between two slits, and the base plate section 
being fixed to the one component; a back plate section 
having a fixing section provided with a positioning pin 
capable of fitting in the base plate section of the brush 
seal and having a bearing face for bearing the side face 
of the brush seal; and a retaining section for retaining, 
in cooperation with the back plate section, the base plate 
section of the brush seal; wherein the base plate section 
of each brush seal unit is provided with positioning sec- 
tions in which holes are formed by one pitch thereof; 
each pitch is defined as an interval so that, when the 
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positioning sections of the neighboring brush seal units 
piled are relatively displaced, the slits and thin beams 
of the neighboring brush seals overlap each other; and 
the positioning pin of the back plate section fits in a hole 

5 of the positioning sections of the brush seal, thereby to 
couple the back plate section with the brush seal. 
[0040] Neighbouring brush seal units may be piled 
such that their positioning sections are relatively dis- 
placed by one pitch. Therefore, the slits of one brush 

io seal unit overlap the thin beams of the neighboring 
brush seal unit, while the beams of the one brush seal 
unit overlap the slits of the neighbouring one. 
[0041] It is extremely difficult for an assembly ma- 
chine to pile the brush seal units with the thin fine beams 

15 and slits overlapping precisely each other, as specified 
in design . However, a piling condition effective to sealing 
ability is easily achieved by displacing one positioning 
section to the other. 

[0042] Additionally, it becomes possible to assemble 
20 the brush seal exactly and easily without deviation 
among the brush seal units, by fitting a positioning sec- 
tion to the positioning pin of the back plate section and 
sandwiching against the retaining section. 
[0043] For a better understanding of the invention and 
25 to show how the same may be carried into effect, refer- 
ence will now be made, by way of example, to the ac- 
companying drawings, in which:- 

Fig. 1 is a sectional view, showing in half a first em- 
30 bodiment of a brush seal device; 

Fig. 2 is an axial front view of the brush seal shown 
in Fig. 1; 

35 Fig. 3 is a partial plan view of the brush seal shown 
in Fig. 1 , as seen radially from inner side thereof; 

Fig. 4 is a partial plan view as seen radially from the 
inner side, showing the state in which sealed fluid 
40 acts on the brush seal of the present invention in 
Fig. 1; 

Fig. 5 is a plan view of a modular plate constituting 
a brush seal unit, showing a second embodiment of 
45 the present invention; 

Fig~6 is a plan view of a brush seal unit, showing a 
second embodiment; 

50 Fig. 7 is a plan view of another example of the mod- 
ular plate in Fig. 5; 

Fig. 8 is a plan view, showing a state that two mod- 
ular plates shown in Fig. 7 are piled with their posi- 
55 tioning sections being displaced by one pitch each 
other; 

Fig. 9 is a plan view, showing a state that three mod- 
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ufar plates shown in Fig. 7 are piled with their posi- 
tioning sections being displaced by one pitch each 
other; 

Fig. 1 0 is a plan view, showing a state that four mod- 
ular plates shown in Fig. 7 are piled with their posi- 
tioning sections being displaced by one pitch each 
other; 

Fig. 11 is a plan view of a brush seal unit in which 
a plurality of the modular plates of a third embodi- 
ment are assembled; 

Fig. 12 is a sectional view, showing in half a con- 
ventional brush seal; 

Fig. 13 is a partial plan view of a brush seal in FIG. 
1 1 , as seen radially from the inner side thereof; 

Fig. 14 is a partial plan view as seen radially from 
the inner side, showing the state in which sealed 
fluid acts on the brush seal of the present invention 
in Fig. 11; and 

Fig. 15 is a partial side view, showing another con- 
ventional seal. 

[0044] The brush seal device in Fig. 1 is an example, 
that is disposed for sealing the clearance between a 
casing 50 and a rotor 60 of a gas turbine to separate 
into a high pressure P 1 side and a low pressure P2 side. 
[0045] Fig. 2 is a plan view, showing a brush seal 2 
mounted to the brush seal device 1 in Fig. 1 . 
[0046] A fixing section 20 at the outer circumference 
side of the brush seal device 1 is attached, from one 
side, to a step 51 positioned in the inner circumferential 
surface of the casing 50 as one of two components, 
through an attachment part 12. The fixing section 20 
may be attached to a channel section formed by a com- 
bination structure. The free end 5 at the inner circum- 
ferential side of the brush seal device 1 contacts the op- 
posite outer circumferential surface of the rotor (rota- 
tional shaft) 60 as the other component, or is located 
closer to the same. Thus, the brush seal device 1 seals 
the fluid to be sealed at the high pressure P1 side. 
[0047] Main components of the brush seal device 1 
are a brush seal 2, a back plate section 6 and a retaining 
section 10. 

[0048] Among them, the brush seal 2 is made by piling 
thin plate shape brush seal units 3, shown in Fig. 2. The 
brush seal unit 3 is processed to have slits 9 that incline 
toward the rotational direction of the rotor 60 at the inner- 
circumferential side of the annular shape thin plate, and 
thus each of a number of thin beams 8 is formed be- 
tween two slits 9. The thin beams 8 and slits 9, as a 
whole, forms a brush section 3A in the form of a strip. 
The brush seal unit 3 has a base plate section 3B and 
is mounted to the casing 50 at the outer peripheral of 
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the base plate section 3B. 

[0049] As shown in Fig. 3, each thin beam 8 formed 
between slits of this brush section 3A is shaped in a tri- 
angle in its cross section. Then a plurality of brush seal 
5 units 3 are piled and arranged in the axial direction of 
the rotor 60 to form a wall. 

[0050] An example of the brush seal unit 3 described 
above is obtained such that a thin, ring shaped plate is 
processed to have slits 9 forming gaps and thin beams 

10 8 on its inner circumferential side, through wire electric 
discharging or etching. The cross section of the thin 
beams 8 is rectangular (rectangular if the thin plate has 
the width larger than the thickness, while be square if 
the width and thickness are same.), and one side of the 

15 cross section is (0.2-0.005)x(0.3-0.008)mm long, pref- 
erably (0.15-0.008)x(0.2-0.01)mm. Its length is within 
5-50mm. The sectional shape of the thin beam is not 
limited to be rectangular. Any of oval, trapezoid and tri- 
angle may be used. 

20 [0051] The wall thickness of the brush seal 2 is deter- 
mined to be 0.5-5mm; however, it shall be determined, 
depending on the pressure of the sealed fluid or design 
conditions. The base plate section 3B of the brush seal 
unit 3 is formed outside of the brush section 3A in the 

25 shape of a thin annular sheet. In the base plate section 
3B is circumferentially provided positioning sections 4 
as exemplary positioning holes 4A. Pitches for those po- 
sitioning holes 4A are slightly different each other. Such 
differences are determined in the design process to ob- 

30 tain such a dimensional relationship that if one brush 
seal unit 3 is piled on another one with the positioning 
holes 4A of the one brush seal unit 3 being displaced by 
one or two pitches from the positioning holes 4A of the 
another one and aligned with positioning holes 4A each 

35 other, then slits 9 of the one brush seal unit 3 overlap 
the thin beams 8 of the another one, respectively. 
[0052] In other words, as shown in Fig. 3, the slits 9 
in the piled brush seal units 3 are arranged in a zigzag 
fashion. 

40 [0053] Fig. 3 is a plan view of the brush seal 2, as 
seen radially from inner side thereof. As shown in Fig. 
3, when the brush seal 2 is formed, the brush seal units 
3 are piled to a thickness, depending on the sealing abil- 
ity as desired. The pitches in the positioning sections 

45 are designed so that the slits 9 of the brush seal unit 3 
are blocked with the thin beams of the neighboring brush 
seal unit 3. Accordingly, it is allowed to assemble easily 
and precisely by aligning the neighboring brush seal 
units at mutually different positioning sections 4, regard- 

50 less of the number of piled brush seal units 3. 

[0054] The brush seal unit 3 is formed from a thin plate 
of steel, stainless steel, nickel-base alloy, ceramic, or 
the like. As the brush seal unit is processed by micro- 
fabrication, such as wire electric discharging and etch- 

55 jng processes, it is provided with highly accurate dimen- 
sions. 

[0055] When the brush seal unit 3 is laid on the back 
plate section 6, the positioning hole 4A is fitted to the 
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positioning pin 7 fitted in the back plate section 6. As the 
positioning pin 7 and hole 4A fit in contact each other, 
the brush seal unit 3 can be placed precisely in position. 
The operation to pile for assembling the brush seal unit 
3 is easy and a highly accurate assembly can be ob- 
tained due to precisely positioned placement for assem- 
bling operation. Additionally, as it is not needed to weld 
the base plate section 3B to form the fixing section 20, 
there exists no distortion or irregularity due to thermal 
deformation. 

[0056] Fig. 4 is a partial plan view as seen radially 
from the inner side, showing the state in which sealed 
fluid acts on the brush seal 2 of the present invention in 
Fig. 3. As will be understood from Fig. 4, if the pressure 
of the sealed fluid acts on the brush seal 2 strongly, the 
slits 9 are partially forced to open slightly. However, each 
slit 9 is pressed to contact by the neighboring thin beams 
8 on both sides, thereby to effectively prevent fluid pres- 
sure from passing through the slit to open. Thus, the fluid 
to be sealed can be sealed and the sealing ability of the 
brush seal 2 is improved. 

[0057] Fig. 5 is a plan view of a modular plate 5 con- 
stituting a brush seal unit 3, showing a second embod- 
iment of the present invention. Fig. 6 is a plan view of a 
brush seal unit 3 in which the modular plates 5 shown 
in Fig. 5 are combined. Figs. 7 to 10 are plan views, 
showing the piling order of the modular plates 5 as an- 
other example of the modular plate in Fig. 5. 
[0058] In Fig. 5, the slits 9 are made somewhat broad- 
er at the base plate section 3B side for forming an an- 
nular brush seal unit. A connecting recess 15A is pro- 
vided on one side of the base plate section 3B and a 
connecting projection 15B on the other side thereof. 
[0059] In the base plate section 3B is provided four 
positioning holes 4A forming the positioning sections 4. 
The connecting recess 15A of this modular plate 5 is 
coupled with the connecting projection 15B of a next 
modular plate 5. 

[0060] By coupling a plural modular plates 5 one by 
one in such a manner, the brush seal unit 3 as shown 
in Fig, 6 is completed. 

[0061] When those brush seal units 3 are piled in or- 
der, the positioning holes 4A forming the positioning 
sections 4 is circumferentially displaced by one pitch for 
every brush seal unit 3. As a result, the brush seal units 
3 are, as shown in Fig. 3, piled such that each slit over- 
laps each thin beam 8. It is easy to pile the brush seal 
units 3 by fitting the positioning holes 4A to the position- 
ing pin 7 provided in the back plate section 6. Addition- 
ally, as shown in Fig. 3, it is possible to combine the slits 
and the thin beams easily and align them precisely. 
[0062] Fig. 7 is a plan view of a modular plate 5 of 
another example, which is made by micro-fabrication 
with chemical etching process. The thin beams 8 of the 
brush section 3A are inclined toward the rotational di- 
rection of the rotor 60 and the width of the slit 9, or the 
interval of the beam 8 is made minute. Four positioning 
holes 4A are formed in the base plate section 3B. The 
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pitches P1 , P2 and P3 for those positioning holes 4A 
are slightly different each other. Dimensions in physical 
relationship between the positioning sections 4, slits 9 
and thin beams 8 of each modular plate 5 is designed 

5 so that the piled brush seal units 3 show a relationship 
as shown in Fig. 3. In other words, the brush seal unit 3 
is formed in such a dimensional relationship that each 
slit 9 of one brush seal unit 3 and each thin beams of its 
neighbor brush seal unit 3 can overlap each other by 

10 relatively displacing the neighbouring brush seal units 3 
by one pitch. At each end of the base plate section 3B 
are provided a connecting recess 15A and a connecting 
projection 1 5B for connecting sequentially a plurality of 
modular plates. 

15 [0063] Fig. 8 shows a state in which, in two neighbor- 
ing modular plates 5, first positioning hole 4A of one 
modular plate 5 is aligned with second positioning hole 
4A of the other modular plate 5, in other words, the one 
modular plate 5 is displaced by one pitch relative to the 

20 other. 

[0064] Fig. 9 shows a state in which three modular 
plates 5 are piled. They are relatively displaced by one 
pitch in piling order. 

[0065] Fig. 10 shows a state in which four modular 
25 plates are piled. They are relatively displaced by one 
pitch in piling order. 

[0066] In such a way for piling, it becomes possible to 
form easily the brush seal 2 in the shape of a circular 
arc or a ring. Further, the brush seal units can be piled 
30 with the slits 9 overlapping the thin beams 8 each other, 
as shown in Fig. 3. 

[0067] Fig. 11 is a plan view of a straight brush seal 
unit 3 having a plurality of modular plates 5 of a consti- 
tution shown in Fig. 5. In order to obtain predetermined 
35 length, they are connected using each connecting re- 
cess and projection 15A and 15B provided on the re- 
spective ends. When each brush seal unit 3 is piled, the 
positioning hole 4A is displaced relative to another brush 
seal unit 3 and align with a different positioning hole 4A 
40 of the another brush seal unit 3 and the neighboring thin 
beams 8 and slits 9 are therefore overlapped each other. 
[0068] It is an advantage of the combination of the 
modular plates 5 that any shape can be employed for 
the brush seal unit 3. Only one annular brush seal unit 
^5 3 js obtained from one thin plate. On the contrary, a 
number of modular plates can be obtained from one thin 
plate because of good yield thereof. 
[0069] Furthermore, as the modular plates 5 are 
made from a thin plate, it is allowed to form them pre- 
50 cisely with micro-fabrication, such as wire electric dis- 
charging, chemical etching, laser beam and electronic 
beam processes. 

[0070] In each of the brush seal and the brush seal 
device according to the present invention, following su- 
55 perior effects are expected. 

[0071] With the present brush seal when the neigh- 
bouring brush seal units are piled such that their posi- 
tioning sections are relatively displaced by one pitch, the 
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strip-like slits of one brush seal unit overlap the thin 
beams of the neighbouring brush seal unit, while the 
beams of the one brush seal unit overlap the strip-like 
slits of the neighbouring one and the slits are therefore 
blocked. 

[0072] By piling two neighbouring brush seal plate 
units in such a manner that the positioning sections of 
one seal plate unit is displaced by one pitch from the 
positioning sections of the other brush seal unit, neigh- 
boring strip-like slits and thin beams of the brush seal 
units overlap each other. 

[0073] Accordingly, it is possible to pile the brush seal 
units with their slits and thin beams overlapping each 
other, even if the thin beams are fine. A piling condition 
effective to sealing ability is achieved by only aligning 
the positioning sections at a different pitch. 
[0074] Accordingly, it becomes possible to improve 
the sealing ability of the brush seal even if the number 
of the brush seal units to be piled is less. Additionally, it 
is expected that frictional wearing is effectively prohib- 
ited as the brush seal has flexibility due to less number 
of the piled brush seal units and can deform elastically 
corresponding to the contact of the rotational shaft. Fur- 
ther, it is easy to assemble the brush seal units and also 
considerably improve the accuracy in the assembly. 
[0075] It is possible to fabricate modular plates from 
one thin plate with improvement in the yield of material. 
The modular plates obtained may be coupled each oth- 
er, using each connecting recess and projection, to form 
a brush seal unit. By piling to assemble using the posi- 
tioning sections it is allowed to make easily the brush 
seal having an accurate shape and good sealing ability. 
[0076] Additionally, It is possible to obtain a predeter- 
mined brush seal unit by combining the designed mod- 
ular plates. Further, each of the brush seal units that 
have been disassembled into modular plates can be re- 
assembled accurately as it is, using the positioning sec- 
tions, thereby allowing to mount the brush seals without 
removal of the rotor from the casing. 
[0077] It is possible to process easily and precisely 
with micro-fabrication such as an etching process or ma- 
chining process. Accordingly, it is expected to improve 
the positioning accuracy and sealing ability. 
[0078] When one brush seal unit having positioning 
sections formed into projections and the other neighbor- 
ing brush seal unit having positioning sections formed 
into recesses are aligned each other at their positioning 
sections to pile, both positioning sections engage each 
other and at the same time the slits and the thin beams 
facing thereto are overlapped each other. Accordingly, 
there exists no gaps formed by the slits in the direction 
of the sealed fluid action, thereby to seal the sealed fluid 
effectively. 

[0079] By piling two neighbouring brush seal units in 
such a manner that the positioning sections of one brush 
seal unit are displaced by one pitch from the positioning 
sections of the other seal plate unit, neighbouring strip- 
like slits and thin beams of the brush seal units overlap 



each other. 

[0080] It is extremely difficult for an assembly ma- 
chine to pile the brush seal units with the thin fine beams 
and slits overlapping precisely each other, as specified 

5 in design. However, a piling condition effective to sealing 
ability is easily achieved by displacing one positioning 
sections from the other positioning sections. 
[0081] Additionally, it becomes possible to assemble 
the brush seal exactly and easily without deviation 

10 among the brush seal units, by fitting the positioning 
sections to the positioning pin of the back plate section 
and sandwiching against the retaining section. 



is Claims 

1 . A brush seal (2) of a brush seal device (1 ), mounted 
on one (50) of two components (50, 60) that are rel- 
atively rotated, for sealing the clearance given be- 

20 tween the two components (50, 60), characterized 
by comprising: 

a plurality of the brush seal units (3), each hav- 
ing a strip-like brush section (3A) on the side 
25 facing the other component (60) and having a 

base plate section (3B) on the side opposing 
the brush section side, the brush section (3A) 
being formed with thin beams (8) each of which 
is between two slits (9), and the base plate sec- 
30 tion (3B) being fixed to the one component (50); 

and 

a plurality of positioning sections (4) spaced at 
pitch intervals (P) located in the base plate sec- 
tion (3B) of the brush seal unit (3); 

35 

wherein the pitch intervals (P) of the position- 
ing sections (4) are determined so that, by relatively 
displacing by one pitch the positioning sections (4) 
of the neighboring brush seal units (3) to be piled, 
^o the strip-like slits (9) and thin beams (8) can overlap 
each other. 

2. A brush seal according to Claim 1, wherein the 
brush seal unit (3) has a plurality of divided modular 

^5 plates (5), the modular plate (5) has a connecting 
recess (15A) at its one end and a connecting pro- 
jection (15B) at its other end, and the connecting 
recess (15A) and the connecting projection (15B) 
of the modular plate (5) are coupled each other. 

50 

3. A brush seal according to Claim 1 or 2, wherein the 
positioning sections (4) are constituted with holes 
(4A). 

55 4. The brush seal as set forth in Claim 1 , wherein the 
positioning sections (4) of the brush seal unit (3) and 
the positioning sections (4) of the brush seal unit (3) 
facing the former brush seal unit (3) are formed into 
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recesses and projections that are capable of fitting 
to engage each other when they are aligned in po- 
sition. 

A brush seal device mounted on one (50) of two 5 
components (50, 60) that are relatively rotated, for 
sealing the clearance given between the two com- 
ponents (50,60), characterized by comprising: 

a brush seal (2) having piled brush seal units 10 
(3), each having a strip-like brush section (3A) 
on the side facing the other component (60) and 
having a base plate section (3B) on the side op- 
posing the brush section (3A) side, the brush 
section (3A) being formed with thin beams (8) *5 
each of which is between two slits (9), and the 
base plate section (3B) being fixed to the one 
component (50) ; 

a back plate section (6) having a fixing section 
provided with a positioning pin (7) capable of 20 
fitting in the base plate section (3B) of the brush 
seal (2) and having a bearing face for bearing 
the side face of the brush seal (2); and 
retaining section (10) for retaining, in coopera- 
tion with the back plate section (6), the base 25 
plate section (3B) of the brush seal (2); 

wherein the base plate section (3B) of each 
brush seal unit (3) is provided with positioning sec- 
tions (4) in which holes (4A) are formed by one pitch 30 
(P) thereof; each pitch (P) is defined as an interval 
so that, when the positioning sections (4) of the 
neighboring brush seal units (3) piled are relatively 
displaced, the slits (9) and thin beams (8) of the 
neighboring brush seal units (3) overlap each other; 35 
and the positioning pin (7) of the back plate section 
(6) fits in a hole (4A) of the positioning sections (4) 
of the brush seal (2), thereby to couple the back 
plate section (6) with the brush seal (2). 
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